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Applications WR en radioastronomie

— A \\
/| 5 i3 \ \ \
LRl A ll\, $$ & | \
y ; ‘L 3 f Al _- \
- ¥ T R
- \ \ '_ S\
A ) - \ \ . L » -\\' b
"|- 1! 3 : 4 %\ j'\ \ i} 5 \
\ | ) AN 3
- \ W ¥
1}

Cedrlc Dumez-Vlou
Observat0|re Radlnoast_ro‘nomlque de Nancay

@ @& psiLx

Workshop Synchronisation de précision et Réseaux, 2024/10/02



Introduction

* ORN (Service Scientifiqgue obspm, UAR) :
- R&D instrumentale

- Maintenance en production
d’'un parc de radiotelescopes

* Outline
- La radioastronomie
- L'instrumentation « classique »
- Apport de WR a I'instrumentation
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L'astronomie, le temps et I'espace

Vieil historique d’amélioration
continue du triplet
Ciel/temps/Espace

Qques jours — agriculture
Qqgues secondes — navigation

White Rabbit

COLLABORATION
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La Radioastronomie
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Les sources et phénomenes

Sources : Phénomeéenes :

- Etoiles (dont le Soleil) _ Emission thermique
- Planetes (magnétisées)

- Emission non-thermique

- Cometes Rai ctrales
. * Rales spe

- Nuages de gaz (chauds, froids) P

 BremfStrahlung/synchrotron
- Pulsars _
_ Galaxies ~ Absorptlon (de raies spectrales)
- Masers/Megamasers
- Quasars




https://soho.nascom.nasa.gov/data/realtime/eit_195/512/
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STRUCTURE D'UNE COMETE

Queue de plasma
Longueur : jusqu'a ~100 millions km

Comete 1537 Tkeya-Zhang

Enveloppe d'hydrogéne Cométe Hale-Bapp

Longueur : jusqu’d ~10 milliong ki

Noyau

Diamétre de quelgues km 3
quelgues douzaines de km

~
Chevelure (ou coma)

Diamétre : jusqu'a 1 million km Cométe NEOWISE
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Fermi Gamma-ray Space Telescope


https://fr.wikipedia.org/wiki/Fermi_Gamma-ray_Space_Telescope
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https://arxiv.org/abs/2201.10541

radiotélescopes de « classe-100 »
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Beamformer / Synthese de faisceau
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Clk, sync
Config
2x 10GbE

2X 40Gbps
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plane of sky

Radio Interferometry Imaging
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%7\ Radio Interferometry Imaging
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* Antennae/Freq transpose is costly

______________ ATPITET * N feeds - N(N+1)/2 visibilities
Volkage « 96 MRs + 6 MRDs polarisés — 20k visibilities
v.exp(—i2nvt,) Multiplier v,
tearator <——Correlotor * Instrumental stability required for MRDs

(remote mini-arrays) - WRS + WR-LENSs
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Time variation (ns)
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SKA-mid - the SKA's mid-frequency instrument

The SKA Observatory {SKAQ) is a next-generation radio astronomy facility that will revolutionise
aur understanding of the Universe. It will have a uniquely distributed character: one obsarvatory
aperating two telescopes on three continents. The two telescopes, named SKA-low and SKA-mid,
will be observing the Universa at different frequencies. They are also called interfercmeters as they
each comprize a large number of individual elements working together to form a singla large
telescope.

SKA-low - the SKA's low-frequency instrument

The 5KA Observatory (SKAQ) is a next-generation radio astronomy facility that will revolutionise
our understanding of the Universe. It will hawve a uniguely distributed character: one observatory
aperating two telescopes on three continents. The two telescopes, named SKA-Jow and SKA-rmid,
willl be observing the Universe at different frequencies. They are also called interferometers as
they each comprise a large number of individual elements working together to form a single
large telescope.
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Frequency range:

50 MHz . 131,072
350 MHz antenn!.af;::r::i:::t S

ED-E

KM3NeT
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Frequency range:

5.4 GHy | 197 dishes

with a goal of 24 GHz

L

Location:
South Africa

Lecation: Australia W

Total

Total " collecting
collecting X i
area: 5 . 3
33,000m2 0.4km2 Maximum distance

between stations:

>74km

or Maximum distance
between dishes:

150km

Data transfer rate:

8.8 Terabits

per second

Data transfer rate:

7.2 Terabits

per second

Image quality of
SkA-mid {left) versus
the best current facility

operating in the same
| frequency range, the
Jansky Very Large Array
(VLAY in the United
States (right). SKA-mid's
resolution will be 4x
better than JWLA.

Image quality of

SKA-low [left) wersus

the best current facility
operating in the same
frequency range, the LOw
Frequency ARray (LOFAR),
in the Metherlands (right).
SKA-low's resolution will
be similar to LOFAR.

Compared to the |VLA, the current best
similar instrument in the world:

4x 5x 60x

the more the survey

?? resolution sensitive speed

vewwskatelescopeorg [ @skac [l ska Observatory [ k4 Observatory [ 5K

Compared to LOFAR Netherlands, the current
best similar instrument in the world

a4t 20% 8x 135X

4 & & better more the survey
L resolution  sensitive speed
d & &
o P 5 L TR HTIT

wwnskatelescope.ory [ @skan B ska observatory [l ska Observainry [B skac
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Reconstructed map at 1420.4 MHz
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* FPGA PCB dev
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* Firmware
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Timing Pulsar au NRT

* lllustration de la variabilité du délai dans
les fibres de qques 100ns (corrigé par
WR)

 Et les cables RF entre chariot et labo
Hors-Champ 777

» Déplacement de la numérisation dans le
chariot (+PPS/10M)

 Augmentation de la bande
« 500 MHz - 1.6 GHz

« Meilleur précision de timing
* Délai du lien mobile corrigé par WR
* Délai du lien par T°C corrigé par WR

Observatoire vy
stzenere | psLx @D




y ¥

» Ultra-low-frequency gravitational waves

* High-precision time-of-arrival (TOA) data
for 25 MSPs (+ models) from 6

telescopes

« A common time reference would really

help ! (WR over

REFIMEV 7?)
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